In this work, we analyze the electronic structure and charge distribution of the YBCO family compounds, Y-123 and Y-124, bulk using the density functional theory. The band structures and the density of states of the compounds are shown. The charge transfers between the atoms in the two compounds are compared and discussed in detail. The lattice parameters obtained by BroydenFletcher-Goldfarb-Shanno (BFGS) algorithm are compared with the experimental parameters. The critical differences of the charge distribution for these two compounds are discussed.
Introduction
Historically, YBa 2 Cu 4 O 8 (Y-124) was found as an impurity phase in synthesizing the YBa 2 Cu 3 O 7-δ (Y-123) [1] . They share a general formula of Y 2 Ba 4 Cu 6+n O 14+n , in which YBa 2 Cu 3 O 7-δ is the first (n=0) member, and YBa 2 Cu 4 O 8 is the third (n=2) member of the homologous series. Though they have a similar electronic structure, their physical properties are quite different. YBa 2 Cu 3 O 7-δ with optimized oxygen deficiency has a transition temperature, T c ~ 93 K [2] while YBa 2 Cu 4 O 8 has a T c ∼80K [3] . In spite of lower T c for the latter, its stoichiometry oxygen content provides better thermal stability that is of great advantage for practical applications. In addition, the T c of YBa 2 Cu 4 O 8 can be improved to ~ 90 K by doping 10.0 at% calcium on the yttrium site [4] .
The mechanism for high temperature superconductivity is still on the quest. The phenomenological Ginzburg-Landau theory and the microscopic BCS theory have successfully explained the conventional superconductivity. According to the theories, at temperature below the critical transition temperature, T c , the charge carriers are paired-up to form the Cooper pairs which travel coherently leading to zero resistivity in a superconductor. However, the theories are insufficient to fully explain the phenomena in high temperature superconductors (HTSC). A large variation in T c has been found across different HTSCs. Therefore, it seems that certain conditions are required to form the Cooper pairs for different superconductors. In particular, the charge distribution, electronic structure and the atomic position could be the key that mediate the formation of the pairs of carriers. In this works, we present the charge distributions and electronic structures in normal state of Y-123 and Y-124 based on density functional theory.
Method
In this work, we utilized Quantum Espresso codes [5] which are based on density functional theory. All the electronic structure calculations were done employing generalized gradient approximation (GGA) functional pseudopotential [6] . The starting lattice parameters for Y-123 were taken from the experimental work by J. J. Rynne [7] . The unit structure and starting lattice parameters of Y-124 were adopted from Z. Guo et. al. [8] and A. F. Marshall et. al. [9] . We employed Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm to fully relax the structure. 
Results and Discussion
Yttrium barium copper oxide (YBCO) is a ceramic material. We referred the experimental lattice parameters from the reference [7] for Y-123, and reference [8] for Y-124 in our simulation. Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm was used to fully relax the calculated structure. A larger orthorhombicity is obtained in our simulation for both cases. For Y-124, the lattice constant b < a. As the oxygen in Cu-O chain is doped along the b-axis, YBCO structure with b > a is usually yielded. However, our results indicate that the double Cu-O chains in Y-124 which are arranged in staggered ways compact together and lengthen the lattice constant a. From Fig. 1 Table 1 . An interesting conducting characteristic of YBCO is that it is highly anisotropic. Resistivity along caxis, ρ c is two orders higher than that in the a-b plane. In the E-K diagram, there are valence bands above E f on Γ--Y as compared to Γ--X valence bands that lay below E f . This is due to oxygen doping on Cu-O chains that along b-axis giving holes to the system. As a result, ρ a is higher than ρ b .
In Fig. 2 the upper value of the valence band is about 1.5 eV for both cases. The total hole states (integrated from 0 eV to 1.5 eV) for Y-123 is 3.52 or equivalent to hole density of 0.20 x 10 23 cm -3 , For Y-124, it is 9.76 or equivalent to hole density of 0.23 x 10 23 cm -3 . Though YBCO can be considered as a metal, its conduction band and valence band do not overlap. Hence, at low energy, holes travel on a certain path provided by electronic structure.
By comparing previous studies on other cuprate HTSCs, the superconducting behavior is believed to occur in the Cu-O 2 layers. Cu-O chains are believed to act as a hole reservoir for Cu-O 2 planes. As shown in Table 2 
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